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BE NHARAEESENAZNHEERMEE, HILBEL, BHEAALHETEMNRERREMNEE  EUEYH
NEBRNEMEARHPSZRM 0 %M 03 WHWAZEE A EFREVANATETEARHNEEFHENIREN | &
IRAZEEF(4.63£0.01)g #T 12 ANREERIR, ERETR , ARPFM 03 WHAZEHENAEFNERKMERE
FEERERE EBEERETEEABRBENEEH  RAXRPAENHEALRSLTHEER  BEXEEHA
PERZEEED Occludin NERRKIEBEERK, HEERINERETR , REHHETHANFEERSNINE D
AINEFRETNELRERE. LESe M MetaStat ZHER , ARPFRMAZEFREERS T AENHERARLEE
EFRENEFLEERE), EEXBRAXNHENEYEELREE. EREE. HEBEERAEUARETEUTE)
REZBREERFERMAXER)NWHENFE BN EFRET Caenimonas. Niastella MFEMHBUREZT RETEE
BHANEE, HRKRHA, 03 WAZSEHIHT AZEMELCHEORBHEZFEREERD Occludin HERRKE , B3
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Effects of dietary soyasaponins on the growth performance and intestinal health of
juvenile turbot

YU Guijuan', YANG Pei!, DAI Jihong!, OU Weihao!, CHEN Zhichu!, AI Qinghui', ZHANG Wenbing!, ZHANG Yanjiao'-?**, MAI
Kangsen'?

(1. Key Laboratory of Mariculture, Ministry of Education, and Key Laboratory of Aquaculture Nutrition and Feed, Ministry of Agriculture, Ocean
University of China, Qingdao 266003, China;

2. Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266235, China)
PAIZHANG Yanjiao. E-mail: yanjiaozhang@ouc.edu.cn

Abstract A 12-week feeding trial was conducted to investigate the effects of dietary soyasaponins on the growth
performance, activities of digestive enzymes, intestinal morphology and intestinal bacterial community of turbot
(Scophthalmus maximus). Two isonitrogenous and isolipidic experimental diets (based on 67 % fish meal) containing 0 % and
0.3 % soyasaponins were formulated. The results showed that the growth performance was not affected by dietary
soyasaponins, while the activities of intestinal pepsin and amylase were significantly depressed by dietary 0.3 % soyasopnins.

Funding projects: China Agricultural Research System (CARS-47-G10); National Natural Science Foundation of China
(41576137)
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No obvious changes of intestinal histology were observed between two groups. But the gene expression of intestinal tight
junction protein Occludin was significantly declined when 0.3 % soyasaponins was added. The analysis of intestine
microbiota showed that Proteobacteria and Halomonas were the most dominant phylum and genus in turbot intestine,
respectively. LEfSe and MetaStat analysis showed that the abundance of dominant bacteria (Proteobacteria and Shewanella)
was significantly increased by dietary 0.3 % soyasaponins. Meanwhile, dietary soyasaponins significantly increased the
abundance of intestinal saponin-hydrolyzing bacteria. In addition, the abundance of some intestinal potential pathogenic
bacteria such as Methylobacterium, Moraxella and Photobacterium, was increased while that of some
other pathogenic bacteria such as Ralstonia was decreased by dietary soyasaponins. In conclusion, dietary 0.3 % soyasaponins
depressed the activities of digestive enzymes, and the gene expression of intestinal tight junction protein Occludin, and altered
the intestinal microbiota of turbot. Thus, the effects of soyasaponins on fish intestine health, especially intestinal flora, cannot
be ignored and deserved more study.

Key words  Scophthalmus maximus; soyasaponins; growth performance; digestive enzymes; intestinal morphology; intestinal
microbiota

SH(Glycine max)1EN—FEAEPIEY) & AR L8 2N H T KM . 2R, BT 2k
BRAMEE —EFEESREEARRNAERK L SR IIR R BEER, LRSS FERB AN,
S ECTRATE R T DR e ) B 2 B R ) i s s SR BRI A ) — AN EE R R R SRS
ZMPUERFE T, KEBHE MM EEMPUERE T, EEMFMNEEN 043 %~0.67 %0 1
B INK E B S a2 A K, FIE R E 1 O 7E 2t 28 Hp 48 B R se S, SR K 35 BT
(Scophthalmus maximus) A KW 5018 KW Je o MAh, B 5L R B R &8 a2 5l K il 4 2
(Oncorhynchus) G K07 KM R TR E RN R 2 —; HEZ@ES WK EE:(Salmo salar) I Wi 'S5 E#
EHAMRIE, WIRIGER R, SR E b7 g pEEt, 5] R %I 26 ) MO i bRz 4H
1) ) SR B G M e e R I S5 A e B vk iR B R B B ME . R 2B A N R B S5 e 3
PRI IR 2 51 2R M I e 1) EE R AU, g8 R EB AW — R BEER RO ARSI E
H Occludin. Tricellulin. Claudin ZK . JAM R i&E+% 5 F 1 Zonula occludens(ZOs)S5 4 ik, EAI{E
Yevelpia bR o5 i, ¥ W T8 G817 T Ok 1 B ELE B

J¥y T8 B HE RS ST I (g R Y A G . MERRIRIL T, B WA E EM A R RE R
FIPEREE R, s Bhith. (REE B R G R E AN —Fh R 37 BE B HE A0 5 3 S50 g 18 B 1 T DA
PR RYEACER M ek B 4R B NRDTEE A S O, RGN BT O AR .
J 18 B S S AL S A . RYE 2% (IBD), ARUZER, 1 BUMERM, EBOE, BN S 4
RO 1L A 92 995 S5 (1) R A 6 D AR DGOV, B ) AR 7 i B 58 R DA S 55 S e £ 28 I 3 B RE AL A . R S I T B
TEME A G KA T BE A, BRI AR SRR R S oy A Al SRR riE
IR R T a0 K G R A A AR I s U3 AT DL 3 o KSR ST Tl o B S, HRTFRE R
X K B ) g T TR R S T TR PRI T A A D

REmp MR e, BAAKHR, AREERMESFENERSEM S, RREHEERRKE
B, WEFRM, FRAREIN 45 %K% UL bR 5] i K35 &)y £ 1700 2H 2R 450 PR A AR DY,
TEHE 5 R, AW I 7 DR AR s — e 77 ) OK 2 B A o KSE AR K, THALBYE ), iE
HEE . HEREEZEARRRELLEFEFSHREE, DIRAKRGESERERUE, NE
W ER A PR M S e ) N R O B A

| B ETTE

1.1 AR ER MBS

DA Ry R B TR, AR K S BRE  v E EEAR U, L K 44 YR ER IR 8 Yo AR 7 1 7 ol
SR AR IERE R . AR RN 0 A1 0.3 %K EREFCRILHIZGER AR, ARE, 4diEN
85 %)(K 1), 4rilfrsa N FM Al SA 0.3,

Bl EDRE AT, AR EUR M RN RS 0 80 H . YRAIIAIIGE, IO\ A K S BRI (VA AR



REBE ARPTINMAZEENAZEFHEERNBHERROIT 3

K UNBERE T ol ) F TR AR IR 8, HTIRAVITIREYEA, BIEIMAL 30 %2 /K I BE
B, T FD)-26 AT K &ML (M B T RS, M) F % 3.0 mm BEURLIRTEDEL, 78 50 CHEF T4
8h, H T —20 CUKFEMHIERH.

F1 SLITARIEC T EE SRy (THE)

Tab. 1 Formulation and proximate composition of the experimental diets (dry matter) %
¥} ingredients FM diet SA0.3
f¥7 fish meal 67.00 67.00
o-JERD o-starch! 16.00 16.00
{4 3 herring oil' 3.50 3.50
KEYI##AR soybean lecithin 0.50 0.50
SALBEBR choline chloride 0.30 0.30
Y= F TR vitamin premix? 1.00 1.00
)5 TR 4 mineral premix® 0.50 0.50
RS Ca(H2PO4)2 0.50 0.50
Ve B £ Ve phosphate 0.10 0.10
=4k — 42 yttrium oxide 0.10 0.10
KE 1T soyasaponins* 0 0.30
Tt A7 4E F microcrystalline cellulose 10.50 10.20

BRHR ST 3T (% T 1)

nutrient composition (% dry matter)

HEE I crude protein 43.78 4427
HAEWT crude lipid 8.49 8.31
M5y ash 17.34 16.95

LK a-VER OB T35 B E R A R AR (5 &) Hrpfoky: MENA 74 %, HED 9.7 %. 2. #4ERE AP (mg/ke diet):
$itE R B 25 mgs B3R 45 mg; 4R BRI EY) 20 mg; 4E4E R B, 10 mg; 4E4E %K Ks 10 mg; LEE 800 mg; 44 % B2 1K) 60
mg; MR 200 mg; MEZ 20 mg; EMMEQ%) 60 mg; 4EER A32mg; 4iE R Dy Sme; 4R E240 mg; ZAEEM 3mg; diEEKC
2000 mg; AL 4ER 6470 mg. 3. BT R (mg/kg diet): MgS04-7H,0 1200 mg; CuSO,-5H,0 10 mg; FeSO,-H,0 80 mg;
ZnS0,4-H,0 50 mg; MnSO4 H,0 45 mg; CoCly'6H,0(1 %) 50 mg; Ca(103),(1%) 60 mg; Na,SeOs(1%) 20 mg; A # 3485 mg. 4. KE'E
T R TEIHIZGERARERE, HE), KEBTEES %) KEEAB23 %) KIMEE@G.75 %) K3 (1.21 %) LA )5 A1 5 3%
fi1(0.81 %)

1. fish meal, a-starch and herring oil purchased from Qingdao Great Seven CO., LTD., (Qingdao, China); fish meal: crude protein: 74%, crude lipid:
9.7 %. 2. vitamin premix (g/kg diet): Vg, 25 mg; Vg, 45 mg; Ve 20 mg; Vg2 10 mg; Vi;, 10 mg; inositol, 800 mg; V3 60 mg; nicotinic acid 200 mg;
folic acid 20 mg; biotin 60 mg; V32 mg; Vp; 5 mg; Vi 240 mg; ethoxyquinoline 3 mg; V¢ phosphate 2000 mg; microcrystalline cellulose 6470 mg. 3.

mineral premix (g/kg diet): MgSO, 1200 mg; CuSO4-5H,0 10 mg; FeSO4-H,0 80 mg; ZnSO4-H,0 50 mg; MnSO,4-H,0 45 mg; CoCl,-6H,0 (1 %)

50 mg; Ca(I10;), (1 %) 60 mg; Na,SeO; (1 %) 20 mg; zeolite powder 3485 mg. 4. soyasaponins were supplied by North China Pharmaceutical Co.,
LTD., (Shijiazhuang, China), containing 85 % soybean saponins, 8.23 % soybean proteins, 4.75 % soybean oligosaccharidese, 1.21 % moistur, 0.81 %
minerals and isoflavones)

12 AFEERHERTE

S K ZE A O S N TR B R — A, T IL RSN R ZE IR Y), SRR TE = NG IR
FERGTHAT. SLWHT, hEHFWEARGE S ERBEARAR, F )8R 2 FLUERFRH
Wi, ERXFRESLIHF UGN, B @i E 24 h J5, EBE KAL) K8 1 4 [ 9146 7 244 R
#(4.63£0.01)g], FEHLHACT 6 NFEFEA (200 LA, 4% 30 &, 2 AseinsbHl, 413 40ER),
FERF MM 2 K(8:00, 18:30), #HMELEHSG 30 min W HHFRAEMIS(E, FRRAM 12 . 325
KR 15~19 C, HPF 24~26, HEMARF>T mg/L.

FEEE R, 5624 h UFE. SAREYLI 4 B f, RFT-20 C, A TFARARS . SAHEEAHLE
4 Bfa, WUGMHERARY, FAEBRIEKRES, BANBEKREHEE 24 h 5, HBEE 70 %ERE+H K
WP R, FHTAHLESPr. BMMEIUR 3 B, WELARE. A&, WIER &R, HU
THEEEEE . AEAR EE AR LG s BUS AR R, B S IR A7 — 80 "CHlB IR IR UK AR F T2 #r 2 H 3%
ik HERENLI 5 R, I B RgIE, WA, BEE R —80 CRKIRIKAH, HTHik
BEYG J155 0. NS B A, RARRENLE 3 B, H 70 %R AR R AR R T, 7R A
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B G B ) T Bl fak, B G (LBl T ERBME MBS 2 mL TR E O, WER
%, JEARTET-80 CRRIR UK AR
1.3 &R B AR RHA R 9 47

K AOAC VEUSI A i e AR FA TR U B 7K 4 B 2l sE R A 105 CHEFEE %24 h); MHEH
I E LR E B, SR 2300 AL E B E 3 HTAC(FOSS, P2 KR IDT A K 36680
RURH NG W7 42 A (BUCHI 2 #], Hit), FHRKMSEE SR & 2, KK 70 R A 48 = B g
550 ‘CHIkei%E(16 h).

1.4 SEALERSE D9 4T

BB AEE /1012 % Anson [1777EUSY, R ot . 4 41 85 1 (Sigma A A, £ EDIE
NIRBLEY), FHEMKF(AppliChem A &), 8 E )l & RN =4). B EABE 37 CTF, 1 min N
fRF AL E A=A 1 pg BEEBRIE N — BS540, H Umg AR

1 ve ¥n B AN B VE K Bl VS 75 2% Hidalgo S5 U7RE Ive k0 B Vs 71 5E 7738, FFAE IRl F s
Sreldt . A VER (Sigma A F], EENE RN . HIEMBELE 37 CF, 30 min AP 10 mg
TR B XN —ABEE S84, H Uimg A ROR.

1.5 HERF M

IRA L) W BUPREWEA LY, HEVI Y, BN S pms HE Jefykjef, ik
B & o F Nikon eclipse Ti-S 245 %58 (Nikon, H A) M 42 i3 4H 23 2% 45 4 FF4p il % .

1.6 SER}3E S} EE PCR (qQRT-PCR )

7 1E 5 RNA £ Z B Trizol iX 71 & ¥t B 15 (Takara, H A&). f## H Nano-Drop®ND-1000
spectrophotometer(Nano-Drop Technologies, 3% )il & #2HLH RNA WEE, FH 1.2 %35l B &t kA il
RNA Jii & . $#2EUHS RNA H Prime Script ™ J % 5% i85 & (Takara, H A )R FR R HUF| ) RNA F 5
%R cDNA. F DEPC /KiEAT 8 5 BE 5 B T-20 CLRAEA .

Bk NCBI #¥iE, # %R KEWE Claudin-7, Claudin-4, Tricellulin, Occludin & W Z3E K p-
actin, %R E RSB E 48 Primer Premier 5 8BS 51, FF T AT AN TR
BmAERAR (L, FEYER, FTHSIYILE 2. Real Time--PCR SLI f# I 52 if ' & PCR X
(Eppendorf, Germany)if17, £k RN 2xSYBR® Premix Ex Tag ™(TaKaRa, H#A)12.5 uL, Cdna
(100 ng/uL)1 pL, dH,O 10.5 pL, 5[4 F(10 pumol/L) 0.5 uL;: 5|4 F(10 pmol/L) 0.5 puL. FEA jz N FE 7
H: 95 CHIANE 2 min; 95 CAME10s, 58 CIBAK 10s, 72 CTHEAM 20 s, 35 DMEH. fHH] 2447 T7
TR BRI AR R IA &
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#2 qQRT-PCRFI I 514
Tab. 2 Primers used for qRT-PCR analysis
B KR
S 5I(5-3") /C
sequences of primers(5'-3") annealing
temperature

EH 51
accession
number

FEH genes

. F: CTCCATCCTGCAGCTCAACA
Claudin-7 R: GGTGCACTTCATTCCCATGC 58 MEF370858

) F: ATGTGGAGTGTGTCGGCTT
Claudin-4 R: AGACCTTGCACTGCATCTG 38 MF370857

F: GCCTACATCCACAAAGACAACG
Tricellulin R: 58 KU238183.1
TCATTCCCAGCACTAATACAATCAC

. F: ACTGGCATTCTTCATCGC
Occludin R: GGTACAGATTCTGGCACATC 58 KU238182.1

. F: CGTGCGTGACATCAAGGAG
Practin R: AGGAAGGAAGGCTGGAAGAG 2 ATOREI0R]

1.7 A EBHAEY DNA FIRE, ¥ AN F

Fi 8 W E R BUCD B 2 8 QlAamp DNA Stool Mini Kit 5 B4 (Qiagen, 7). #EEAIMEY
DNA (157 & AR B 43 il o 1.2% 1) 516 B ¢ iz HL vk A1 NanoDrop ND-2000 5 & 73 Hot B v A7 i
M (Thermo Scientific), W &4 )5, A Barcode [5#)(515F F1 806R), KA Phusion® High-
Fidelity PCR Master Mix (New England Biolabs, #&[E)%} 16S rRNA K V4 XFEATH 1. 87w
T: 98 C AN 1 min; 98 'C &Pk 10s, 50 C Bk 30s, 72 CIEM 60s, 30 MEK; 72 C &
JEAH 5 min; 4 CLRFF. PCR FEAME ] 2% B2 I B MR 6t I b 47 r KA I, H B9 26417 16 H Qiagen 2
) B A 0 i ISk A & (RN W P (Qiagen,  #E[E). {# A TruSeq® DNA PCR-Free Sample Preparation Kit
R AT R, MR SO E L ST Qubit AT qRT-PCR B8, &K E Tl RBEEMERA
F (W REE, KE)EH HiSeq2500 PE250 it 47 LALLM F .
1.8 HERBRES TN

f# ] QIIME pipeline (v.1.7.0), AR¥EEE I — (b BREHE, 7 M7 B Alpha 2 #££(Chaol index,
ACE, Shannon index fl Simpson index)fl Beta Z F£PE(PCA Fl PCoA), FHAHH R A (v.2.15.3) 2 il #i
Feh 2, R T W70 Alpha ZFEPEFRECAIRIZ R . H LEfSe #AF 0 Hr(BRINKE LDA
Score FIiIEIE A 4)FRIFA R AL B 2H 2 [ A% 3 2 B Siit % % 5 1) Bionarker %7 . Metastats 7347
i R 8 (v.2.15.3), KeIZH[A] () permutation test, 75 B AN [\ 432 7K 1 (420 b 76 A [ b B 20 22 18] f) A
X 2 R G A R
L9 BBEUHESSRIT

AR E A

1735 % (survival rate, SR, %)=51L50 45 A I i F2 40/ S 56 U6 8 R 50 < 100

14 B % (weight gain rate, WGR, %)=100x (AR AR A4 5T 5 - £ AR AT] 45 14 5 5 )/ £ AR AT 45 44 i =

B A K F (specific growth rate, SGR, %/d)=100x(In A& KK 5 & -In AR 46 74 57 & )/f e K
£

% £ #(feed intake, FI, %/d)=100x>F 35 AR &/ [(H AR A6 /A5 &+ AR R 7R 5 & )/2]/4 PR
%

TR (feed efficiency, FE, %)=f A3 &/ 75 & ikl &

JIE3% ¥ (condition factor, CF, g/cm®)="F#{K& 5 &/ F¥EK 3
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i bt (hepatosomatic index, HSI, %)=100x T 5t & /4 4K i &=

WA Lt (viscerasomatic index, VSI, %)=100x P4 i i1 &= /448 i &=

SIS P35 dE R B SPSS 22.0 3R IEAT HL R 2 77 2 7 1 (One-way ANOVA), P<0.05 EI/x % 7 i
= Gt g5 F P S AR fE 1R (mean+SE) TR KR .

21 ARRRIM 03 %N KREEBEN KEMFEKHENE R
TRRE RN 0.3 %K) K 52 X K S B4 £ () 5% 0 AR K bR 450 (2 38 M 5 (36 3).
23 AR IN0.3 %K B RS B4 A K RE I 52

Tab. 3 Effects of dietary 0.3 % soyasaponins on the growth performance of juvenile turbot

K F8HR growth indicators FM diet SA 0.3 diet
VI /g initial weight 4.600.06 4.63%0.02
KiEFiE/g final weight 23.574+2.42 26.29+1.14
FFiEH /%  survival 100+0 100+0
WA 2 /% weight gain rate 4.08.+0.68 4.68+0.27
Hi 58 A K F/(%/d) specific growth rate 1.92+0.17 2.07+0.06
TRV /Y% feed efficiency 1.1120.09 1.19£0.06
A% /(%/d) feed intake 1.19+0.06 1.4020.05
B B /(g/cm?)  condition factor 1.81+0.28 1.98+0.14
& LE/%  hepatosomatic index 0.85+0.25 0.98+0.23
A EL/%  viscerasomatic index 4.45+0.38 4.610.53

22 ARHERM 0.3 % KEEEHN KEFERK D NN
PRI 0.3 % K5 B B W IN T S A g 5 2 B8 (P<0.05), FEAIK T kK 4 & & (P<0.05),
IS REREN:OY & iR S g =& e 3-8
o4 RIS 0.3 Yol K BB K SE6EA) fh F AL A B

Tab. 4 Effects of dietary 0.3 % soyasaponins on whole body composition of juvenile turbot

R4 /% body composition FM diet SA 0.3

7K5r/%  moisture 76.10+0.23 76.00+£0.26
HEA/%  crude protein 15.86+0.19 15.84+0.30
FAET/%  crude lipid 4.45+0.14 4.67+0.20*
WKA53/% ash 3.78+0.17 3.49+0.14*

“x R B ZE 5 (P<0.05); T [A“#” means significant difference(P<0.05), the same blew
23 ERARRM 03 % AEBEN KEMHLEE DRI
TAEE AR N 0.3 %MK BB 3 ] 1 ORZE e 4 8 0 B A A WA v B 1 (P<0.05), T H
TE K S 7 70 3 R (3R 5).
Fe5 TAREHRERIN0.3 Yol K T2 o K EE B4 £ T AL RS 7 S

Tab. 5 Effects of dietary 0.3 % soyasaponins on digestive enzyme activities of juvenile turbot

JHALEFIE 77 digestive enzyme activity FM diet SA 0.3

B & [ BElEE/(U/mg prot) pepsin activity 49.76+2.86 28.554+3.38*
H VER E/(U/mg prot) stomach amylase activities 0.36+0.15 0.41+0.26
e K/ (U/mg prot) intestinal amylase activities 0.27+0.02 0.08+0.02*

24 AR 03 %N AREBEN KEMHEARFLSHEE
HaBAML, ERTRERI 0.3 %K ERHIFBA RN K EE G5 I H A5 K e . i bR
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HOAZ Y07 T 40 f Jk 5 HLHEZI R 57, MR s = £ B [EEZ YR M5 . 28 a0 iR e
Z(E 1.

P 1 KT 4 5 1 20 23 45 4 1
1A 2 23 5% RO IR AL RNR F B AR S SP i I AR s L o il BT “*” mBERTBEARE: “G” &t
R

Fig.1 Distal histological sections of juvenile turbot

1 and 2 represented the distal histological section of countrol and SA 0.3 group respectively; Red arrows showed the microvilli of intestine
epitheilum cells; “*”showed the lamina propria within the intestinal folds; “G”’showed the goblet cell.

25 ABHFRMO3 %N AEEENAENHEaHEEREEEAMNXERRENE N
RPN 0.3 %A KE B REL) AN IE R ZEHEE A Claudin-7« Claudin-4. Tricellulin
MR RIE B TR FEMWR W, 1R E (KT Occudin I3E K ik (P<0.05) (K 2).

Pl 2 Bk A I 0.3% M K B 08 1 X K 35 7 40y 1 ) T R 2 2 B 1 A R R R R 0K ) 5 i
1. Claudin-7, 2. Claudin-4, 3. Tricellulin, 4. Occludin, “*”F/~FH &3F M % 7 (P<0.05); F[H

Fig.2 Effects of dietary 0.3 %soyasaponins on genes expression of intestinal tight junction-related proteins in the distal intestine of juvenile turbot

1.Claudin-7, 2. Claudin-4, 3. Tricellulin, 4. Occludin; colume with“#” means significant difference (P<0.05); the same blew

2.6 ARIBRI 03 %N AEEEXN B EREFN I

kP, o pEMIERET, WAL FEH IEERTS 320 995 4% clean reads, “FIIEAFEN: 53 499 %, 4 b
AFHY Green Gene HIEFELLXT, 6 AMFEMILF=4E 9 852 4~ OTUs, Hd FM HIL/=4 5 394 A



8 KF=2 4R

OTUs, SA 0.3 3£/ 4 458 1~ OTUs.

AL, KSR B iy 8 AR W AE T K B 3 SR N AR Y B 1] (Proteobacteria) ,  J5 BE TR [
(Firmicute) f1 i¥ £& i [ (Actionobacteria) ; J& /K ¥ L, £k ¥ i B J& (Halomonas) 1 77 TL K B @
(Shewanella) 3 ¥ FE e KB (B 3). TR 0.3 %K G52 H 0 KEE 6P )18 WA o- 2 FETET0 R %50
Wi (3 6). PCA(Principal Component Analysis)7 T/~ KT 2 HHWHEEHF H I 72 MW ERLE
4),

LEfSe Zr#r s, TARIREI 0.3 % KT RH M | R3S 6 iz 18 W A [F] 70 28 227K F Bl i) AH
XFERE; BREIT, MFENBacilli), =F A E H (Bacillales), % M AT B £l (Bacillaceae) 1 47 X} 3= F& 78
0.3 % K &2 H 53 38 n(p<<0.05)(El 5).

MetaStat 3 T 27~, TRIHF RN 03 % KRE B HREMM 7 &4 LIKEE . 505 2R E R
(Sphingomonas) ~ &l J& (Paracoccus) « & K J& (Prevotella) « 4 J& B & % ik
(Prevotella_ruminicola)F1 % @ AT B (Bacteroides vulgatus) VA X i 7E BUW B 52 [ 3 JE (Moraxella) F1 &
W86 & (Photobacterium) M X F &, TEPFIK T Caenimonas, Niastella F1% /R 118 b6 J& (Ralstonia) It
AH X 3 FE (P<0.05)( 6).

%26 KSR o £ BRI A

Tab. 6 Alpha diversity index of microbial community in distal intestine of juvenile turbot

BHEEE richness estimates B Z Y diversity estimates

2077 groups

Chaol #8%( Chaol WIFEEEHE ACE  FHAIE% Shannonindex  “FFFRIEHL Simpson index

M 1989+445 2011+443 6.85+1.43 0.88+0.06

SA0.3 1563+258 1619+257 4.77+0.30 0.78+0.02
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Fig.3 Top 20 phylum (a) and genus (b) of microbial community in juvenile turbot distal intestine of each treatment group

1.FM, 2.SA 0.3
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4 REEUR4)) 85 W W8 R PCA 23 Bt
T OTUs &1 PCA £, A efURamhd, SERARRE2TH

Fig.4 PCA analysis of distal intestine microbiota of juvenile turbot

PCA (principal component analysis) based on OTUs, Red lable on behalf FM diet, green on behalf SA 0.3 diet.

P 5 R EE 6T 4) £ Ji 36 B RE 45 B LEfSe 20 7
LDA {H i F R B ()78 T LDA Score KT BUEEBUABLE N B, BIAER EA G242 R e . HR B R ERKZE
SR K /NBIA LDA Score)s #4670 SR (A7) B 9 2 4148 S I IR BLACR 1 1 7] 2 )& (B I 0 28 400 - fEAN IR 20 28 4051 B (1
fE—ANDNABARIZAKT TR —AD02, MRBEZRKDNSHNEEZRNEIEL. HOFEN: LREEZROWIPGE—E O NRE,
2 YT Biomarker BRBH A HEAT B (4, L0607 gl 3R oR AE L0 (2 ) o A2 B B SR T RO AR W02, S 3 R SRR AR S 4L ) R B
TR R B E SR . [ v 950 7 BERROR I W0 A4 FR AL A5 00 JB1 481 P AT JR R

Fig.5 LEfSe analysis of microbiota in juvenile turbot distal intestine

LDA score distribution bar graph (left) showed the speces whose LDA score greater than set value (the default screening value was 4), that
was differentiated species. The length of the column represented the extent of the influence to specific species. Cladogram (right): The
identified OTUs are distributed according to phylogenetic characteristics around the circle. The dots closest to the center represent OTUs on
phylum level, whereas those locating on the outermost circle stand for OTUs on genus level, and the diameter of dots is proportional to the
taxon’s abundance. The color of the dots and sectors indicate enrichment of the OTUs in different diets (yellow, undifferentiated species;
red, SA 0.3 diet; green, FM diet). The colored sectors given information on phylum, class, order, family, and genus are indicated by letters,
which are specified on the top right corner(full name, given only for those showing significant difference between diets)
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6 KIZELY) 1 5 1V ) 38 A MetaStat 5341
LAIKHE, 2. WIEERMEEE, 3. BIERWE, 4. EIUIFWE, 5. KEWEE, 6. HIREE, 7. MR E S FIRE, 8. HWiBMH

e

#, 9. Caenimonas, 10. Niastella, 11. ¥ /RIEH B
Fig.6 MetaStat analyse of distal intestine microbial community of juvenile turbot

1.Shewanella, 2. Sphingomonas, 3. Paracoccus, 4. Moraxella, 5. Photobacterium, 6. Prevotella, 7. P. ruminicola, 8. B.vulgatus, 9.
Caenimonas, 10. Niastella, 11. Ralstonia

3 itie

FEASEIG AR 0.3 %M R G R E N RS A KR, B ER, e AR
R A=A R E R . Chen W3R B K G B H X MR K 5 7758 8 3 L &R %)
M A 0.32 %H KRS EH AR IR G 8 (Paralichthys olivaceus) 28 d J&, F#FHITREMAEKRZ
BIEEMG, 56 d B AEAERKAREREXNHAFREEEESR, AP R 28 &ENMN
F) 0.64 %M, FEPRAACE R, HA5 R RYIK TR AR I AN B2 A] K I TE] 1 97 58 I 2
fik, (HE— R E SN ARG AT WG, T E R (4llogynogenetic silver crucian carp) .1k
AWRH, SAERNRKGTEBE (0.72 %) 205 E S0 A4 K iE B ol @ g E U, thah, Feml
TR RE AR A L YR R IEN R B H YU FRAER S A AR R . R, £y E
EHFERERAERI 0.2 %R RH, KVEE: A K g Lo E 724 5 (B B 5 A TR J52) 1 ¥E 46 5 00
MRZH T W 2 22 S (), I AE S M & IR R RN 0.2 % KRG BT, K VE R i T A 2 2 R 1M VH A
i 52 B 5 20 AR SEAG ARG 7 2 DL R EE AR, AR S AN B e R T EAEY
EWER 2 e R E ER KT B E AR A m . thakh, SCimRhSE. KB Fr B UL FRE R
) &t R 22 7 AR R

R A K AR E SR IS AR D B B VAR O, DR R AT Y A S 7 B 9 T DA AN
PPAS f AR DR R B AR S R R TH A R ). RSB AR AR AR B H A — e A2~
B, R ERINE AT 0.1%0 B H — A SR IR AR IR A K, (HEKE B AR 2
PRI M Dh RN KRG IER2 B L R, AR DG B R LIl R L AR O AN i T R
Wk FL AR A B E TR R S TR K E RN 0.1 %. 0.4 %% 0.8 %)HI I HN & BEK. Francis™ &0 51
KO, ECE R BE B MR R AR T e E TR, s R B R EA SR . 5T S5 25 R A
8L, FERRDRE AR N 0.3 %ok 5 B PRAIK 7 ORZE Y B S M A vE M B 0IE 1, ULEHES N 0.3 % K&
B T ORSEREXSE R R A SRTAE 12 MR A N OREE R R A KA R E R, X ]
fe 55 ) R SR IR TR I (A K

KB B8 BRI A N I S A IR R A e, sk DR NIRRT & &, BABRIERCRUS. BRABInar
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FR BRI 0.32 Y% KW 21 B35 PR 7 S fa R oL IR D & = KV Vb B R FE i R B K
T ELA R AR 2 (S E R T 5T R IR TR s i oK S R X AR R T A B R B
U, A Je B P AE AR I N 300 mg/kg A B (Quillaja saponins)H T 8 in T LA H IR
i & &%), Chavali %52014¢ 3] 245 7] B8 2 84 N 2& B (Muroidea) Vi 4 9 41 i RH [ B2 19 M\ Sk A Bl . 78 A 5K
B, fRFEI 03 % KRG REFRERS FAKHEENSE, HERESE KT 2 ERE 7 IH
PIMK A A %, (AR DT

B ALY a5 RER, RARI 0.3 % KT BH X KEEHIE A ERH 25, =
Jy 18 B % E R ) Occludin R RRIEREE KT B HRMALEZE T, B EREWE—FEIEN.
ZHEEAEEY, CAEA— Mk B/ 1503 M 4 M 18] BT R mT DA i i B R EE . T Occludin /&
KEERG AP EER P Kot Fpr AR, KB H 0T DOE 3805 % bR 40 i i
TE I SRR g i e B MRS, ARSI G o KSR AT S i R B & B 1 Occludin (EERIRIAEETE 0.3 % K
EEHEE TR, R 0.3 %0 R TR KRR @ AT R B MR EA .

ASI R, REELWIGERFEAET K EEENBIRRE ] JERER TR R 1], fEEKF L
FEONERMEEEMA LIRHE, X520 KRSEF_Erat s g BARBIUA . mRbbdin 0.3 %MK
B R OR S iE AR A A RO A T AR, AT IR A BL IR R B AR R R R R, T H
HILTHEREYEREZIR, wTIERARIN 0.3 %0 KE BH AR 7 K ZE 6 1718 3 ) AR 451 .
AL, R 0.3 %M KT R EERERIN VAR E IR REE, JERERETTRATEN. F
MOAT B8 B A ZEBRAT B RL, AT T IR S . W8 1 3 B VR B DA S s R B8 B R B . i 9 R SR
JEH M B 8 A~ B-R AT e ). EREET T E NP &G KR B-% & i 514
B FOORT TR A R R B P RE R - 2 W R IS PR DOY, T i A B 7 A R e R A b
MEIREEEHT 2 5 K G B RIKE . 18 A BF 78 3R BT B 17 1035 557 UK G T (Prevotella oris) B A /K iR 2
FKWEDPEREY, Rt MR K G B IRTRRIE & T RE 18 N 5 B KA R i e
PIRIAI XS E . AR Y, KO BHLEMRILT Caenimonas, Niastella F1% /K Wi b6 J& 1A X} =F
B, XHAH B IRETEEE & A 2R A SR E . AT g N R 58, B E 2 SRR, A A 1
AHIRH FL IR R WARTE, (H A R 70 TR H 2 Re i) 4 2 A BR itk 7 45 BK 1 (Staphylococcus  aureus)~ i
2R AT B (Bacillus subtilis)FE FE 28 BUAT B8 (Bacillus cereus)idi EP, Bt LK B2 7T fE i ok FL 40 5 1
K FFARTEAE BN A . bah, KREEHIEEZERS 1SS0 #1358 AR OGS R R
F LS TG ELEFPEBASURE S AWM KRR SEIRGERES, F K2 MEIEE
I 1381, Ty Y R B0 B AR N T B L S AR A AR R AR AE RS . AFEFL . 0.3% K 5 R T R K ZE Y
JiE B s B A B RAER, HERERAEER TN RESE DA

Zr BT, RN 03 % KT RE R EMS ORERE AR, BT BREREA
Occludin HZERIRE &, 48 [ IHE R BN, EMG] 17— L0985 B0UW B R 3= B2 0 [F] It 38 0 1350
SV TE B0 B A FE B . DRI, K B8 T S DK 3 17 {11 5 i S 25 AR, T 2R ) R A
VIERAEFEFEL P EER S E.
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